Background and objectives: Acute kidney injury (AKI) is associated with adverse outcomes in critically ill patients. The influence of preexisting chronic kidney disease (CKD) on AKI outcomes is unclear.
A cute kidney injury (AKI) is associated with adverse outcomes, particularly in critically ill patients. Inhospital mortality rates range from 30 to 80%, depending on the clinical setting and definitions used. Several studies have shown that underlying chronic kidney disease (CKD) markedly increases the risk of AKI and that the risk increases proportional to the CKD stage (1) (2) (3) (4) . Additionally, data from the United States Renal Data System showed that the percentage of incident ESRD patients who experienced an episode of AKI in the previous 2 yr has doubled over the past 10 yr (4). Among hospitalized Medicare beneficiaries, patients with CKD have a 10-fold higher incidence of AKI. It is unclear whether patients with AKI and prior CKD experience a different disease course and outcomes than those without prior CKD, because data from several studies are conflicting (5) (6) (7) . Most studies have suggested that patients with prior CKD are more likely to remain dialysis dependent after an episode of dialysis-requiring AKI (5, 8, 9) . The association between prior CKD and mortality has been variably described. Recent studies suggest that prior CKD may be associated with lower mortality in dialyzed intensive care unit (ICU) patients (5, 6, 10) . In this analysis, we explored whether prior CKD modified the association between AKI and outcomes (mortality, ICU and hospital length of stay, and dialysis dependence) in critically ill patients enrolled in a prospective observational multicenter cohort study (11) . We hypothesized that patients with AKI who had a prior history of CKD would have lower mortality rates, shorter lengths of stay, and higher rates of dialysis dependence than patients with AKI with no prior history of CKD.
Materials and Methods
The Program to Improve Care in Acute Renal Disease (PICARD) is an observational study from five academic medical centers (University of California San Diego [UCSD], Cleveland Clinic Foundation, Maine Medical Center, Vanderbilt University, and University of California San Francisco [UCSF] ) that aimed to identify demographic, process of care, and clinical factors that were associated with favorable and adverse outcomes after AKI among ICU patients who underwent nephrology consultation. It enrolled patients from February 1999 to August 2001. A detailed description of PICARD inclusion and exclusion criteria, data elements, data collection, and management strategies are described elsewhere (11) .
Definitions
Acute kidney injury was defined as an increase in serum creatinine Ն0.5 mg/dl and baseline serum creatinine Ͻ1.5 mg/dl or an increase in serum creatinine Ն1.0 mg/dl and baseline serum creatinine Ն1.5 mg/dl and Ͻ5.0 mg/dl, as described previously (12) . Patients with a baseline serum creatinine Ն5.0 mg/dl or AKI responsive to volume resuscitation were not considered for study inclusion. For each patient, the date on which he or she met criteria for AKI was identified and designated the AKI start date. The serum creatinine concentration at this point served as the AKI start creatinine.
CKD status was determined at time of enrollment for each patient by evaluating available clinical and laboratory data and history from the patient or surrogate. This information was reviewed for all 618 patients. Patients were considered to have CKD if they had evidence of elevated serum creatinine (Ͼ1.5 mg/dl), proteinuria (Ͼ300 mg/ d), or abnormal renal ultrasound (abnormal renal echogenicity or kidney size or presence of cysts) within a year before the index hospitalization. The specific serum creatinine concentration before hospitalization was not recorded. Patients were classified as AKI with a prior history of CKD if they met criteria for CKD as defined above (28% of cohort). All remaining patients were considered as AKI without a prior history of CKD. Severity of illness scores were calculated for each day of hospitalization (13) .
Outcomes
Outcomes included in-hospital mortality rate, provision of dialysis, dialysis dependence (evaluated only in patients who survived hospitalization and defined as receiving dialysis within the last 3 d of hospitalization), and ICU and hospital lengths of stay. Dialysis decisions for each patient were at the discretion of individual nephrologists based on standard indications of solute, volume, and acid/base management. Figure 1 shows a flow chart for patients included in this analysis.
Statistical Analysis
Continuous variables were expressed as mean Ϯ SD or median with interquartile range and compared using either the t test or Wilcoxon rank sum test where appropriate. Categorical variables were expressed as proportions and compared with the 2 test. Logistic regression was used for multivariable analyses, adjusting for comorbidities and the components of the nonrenal sequential organ failure assessment (SOFA) score at AKI start (platelet count, bilirubin level, administered dose of epinephrine, administration of dobutamine, the Pao 2 /Fio 2 ratio, and Glasgow coma scale score). Model discrimination was assessed using the area under the receiver operating characteristic curve (14, 15) . Calibration was assessed using the Hosmer-Lemeshow goodness-of-fit test. The Hosmer-Lemeshow test compares model performance (observed versus expected) across deciles of risk to test whether the model is biased (i.e., performs differentially at the extremes of risk). A nonsignificant value for the Hosmer-Lemeshow 2 suggests an absence of such bias (14, 15) . Two-tailed P Ͻ 0.05 was considered significant. Statistical analyses were conducted using SAS 9.2 (SAS Institute, Cary, NC).
Results
The most common cause of AKI in both those with and without prior CKD was a nephrotoxic medication (26% in both groups). The characteristics of the PICARD cohort at the time of AKI diagnosis for those with and without prior CKD are presented in Table 1 . Patients with prior CKD were older, with higher rates of hypertension, diabetes, heart failure, and coronary artery disease, and tended to have lower severity of illness (manifested by a lower SOFA score, excluding the SOFA renal component) at time of AKI diagnosis. Patients with prior CKD also received nephrology consultation earlier in the AKI course (Figure 2) . Table 2 shows the outcomes in the overall cohort (n ϭ 618). Patients with prior CKD had lower in-hospital mortality rates. Figure 3 shows mortality rates for those with and without prior history of CKD based on tertile of nonrenal SOFA score. The difference in in-hospital mortality for patients with prior CKD was most pronounced in patients with the lowest severity of illness. After adjustment for comorbidities and nonrenal SOFA score, only Glascow coma score (odds ratio [OR], 1.29; 95% confidence interval [CI], 1.07 to 1.54) and platelet count (OR, 1.20; 95% CI, 1.00 to 1.43) remained significantly associated with mortality (area under the model's receiver operating characteristic curve was 0.66, and the model was well calibrated; Hosmer-Lemeshow 2 , P ϭ 0.91). Individual comorbidities were not significantly associated with mortality. The median ICU length of stay was 4.6 d shorter for those with prior CKD; the difference remained significant after adjustment for comorbidities and nonrenal SOFA score (P Ͻ 0.001). Total length of hospitalization and the provision of dialysis during the AKI course were similar in both groups.
Although death was less common, dialysis dependence was more frequent among patients with prior CKD. Among the 219 dialyzed survivors, patients with prior CKD were more likely to be dialysis dependent at discharge (45 versus 32%, P ϭ 0.06). The association of prior CKD with dialysis dependence stratified by nonrenal SOFA score is shown in Figure 4 .
Discussion
Our knowledge of the link between AKI and CKD continues to evolve. It is evident that CKD influences the risk of developing AKI, and recent studies suggest that AKI per se may contribute to CKD progression and incidence of ESRD (4). However, the degree to which CKD modifies the association between AKI and outcomes remains unclear. Prior studies have used a variety of definitions for AKI and CKD, rendering comparisons across studies difficult. The initial inpatient serum creatinine concentration has often been considered a "baseline" even when it is substantially higher than the true baseline, potentially misclassifying patients with CKD. A key aspect of this study is the delineation of CKD BUN, blood urea nitrogen. a Creatinine at time of AKI start is the creatinine that qualified patient for AKI as defined by PICARD enrollment criteria (increase in serum creatinine Ն0.5 mg/dl and baseline serum creatinine Ͻ1.5 mg/dl or an increase in serum creatinine Ն1.0 mg/dl and baseline serum creatinine Ն1.5 mg/dl and Ͻ5.0 mg/dl. based on data (history, clinical, and laboratory) available before hospitalization rather than the serum creatinine concentration at the start of hospitalization (where "baseline" serum creatinine could reflect AKI in evolution).
Several previous studies have shown different mortality rates based on CKD status in patients with AKI. Two studies showed lower mortality rates associated with prior CKD, both at ICU discharge and at 90 d (5, 6) . Conversely, another study found no difference in mortality rate by baseline CKD status at 28 d, 90 d, and 1 yr (7). High serum creatinine concentrations at hospital admission have also been associated with lower mortality and shorter lengths of stay in critically ill patients, although is it unclear whether this finding relates to underlying CKD or other factors influencing serum creatinine (16) . In our study, patients with prior CKD were less likely to die in-hospital despite older age and more extensive comorbidity. Concordant with prior studies, we also showed a higher rate of dialysis dependence in dialyzed survivors who had underlying CKD. Because severity of illness conditions the course and outcomes of AKI, the associations of baseline CKD status with death and dialysis dependence within each of tertile of severity are instructive. The apparent influence of CKD was in opposing directions for death and dialysis dependence. With regard to mortality, the "protective" association of prior CKD was most evident in the lowest tertile of severity of illness. In contrast, among survivors, those with prior CKD in the lowest tertile of severity of illness had the highest rates of dialysis dependence. Taken together, these findings support the notion that any protective innate characteristic that a critically ill patient may possess is unlikely to influence outcomes in the sickest patients because of the overwhelming nature of the underlying severity of illness.
Although it is difficult to ascertain a specific cause for these associations in an observational study, our data are consistent with previous observations. Several reasons could be postulated to explain these findings. Preclinical studies have shown that the presence of adaptive mechanisms such as high osmolar clearance per nephron and low fractional excretion of sodium seen in CKD can alter the course of AKI (17) . Similarly, ischemic preconditioning seems to be protective for AKI (18) . Whether these factors play a role in humans is unknown and will need further prospective evaluation. Of interest, there were no differences in median urine output, the proportion with oliguria, peak blood urea nitrogen, and serum creatinine in the two groups. Aside from patient characteristics, process of care elements may also influence outcomes in AKI (19) . In our study, earlier identification of AKI among patients with prior CKD could have modified the process of care delivered to these patients, manifested by earlier nephrology consultation (by roughly 2 d). Whether earlier consultation in patients with CKD reflected heightened concern for kidney function or whether patients without prior CKD experienced more urgent unrelated problems, prompting a relative delay in nephrology consultation, is unknown. Additionally, because dialysis decisions were not based on specific protocols, it is likely that some patients did not receive dialysis because of perceived futility. The degree to which these factors influenced our findings is unclear.
This study has several important strengths. We used standardized definitions for AKI and CKD. We captured extensive data on comorbidity and severity of illness, which allowed us to adjust for these factors when considering outcomes such as mortality, provision of dialysis, and ICU and hospital lengths of study. The cohort was ethnically diverse and reasonably representative of critically ill patients in the United States. There are also important limitations to our analysis. As an observational study, results could be influenced by residual confounding for which we could not adjust. It is also possible that we misclassified some patients as having CKD, especially because the creatinine cut-off for defining CKD status of Ͼ1.5 mg/dl (a standard definition at the time of PICARD design) did not take into account age, gender, or race. Additionally, we did not specifically record individual parameters (elevated serum creatinine, the presence of proteinuria, or abnormal renal ultrasound) leading to designation of CKD or the time duration of CKD. However, the designation of CKD was multidimensional, and we were somewhat reassured that the prevalence of CKD in this study was comparable to other studies of similar cohorts with AKI (5,20 -22) . Last, the results of this study only apply to ICU patients who develop AKI and undergo nephrology consultation. Patients who have AKI for whom nephrology consultation is not requested may be different in important ways that reduce our findings generalizability.
The most clinically useful implications of this study relate to prognostic stratification for critically ill patients with AKI. The results suggest that expected outcomes for patients with AKI in the ICU vis-à-vis length of stay and dialysis requirements differ considerably by CKD status. Although mortality rates are high for both groups, patients with AKI and prior CKD who survived hospitalization were more likely to remain dialysis dependent. We suggest that, in critically ill patients, efforts should be made to determine a prior history of CKD at hospital admission. Renoprotective and therapeutic maneuvers need to consider the different trajectories of AKI patients with and without prior CKD for mortality and dialysis dependence. Nephrologists and other intensivists should be mindful of these findings, particularly when working with families and other physicians and surgeons in the midst of acute illness. Furthermore, future studies evaluating the influence of prior CKD on AKI should consider standardizing the concept of "baseline" creatinine to truly reflect underlying CKD status.
As more is learned about the interactions between AKI and CKD, we are hopeful that novel, optimal, and potentially unique management strategies for patients with and without prior CKD can be developed.
